We report the case of a patient from Brazil with a bloodstream infection caused by a strain of methicillin-resistant Staphylococcus aureus (MRSA) that was susceptible to vancomycin (designated BR-VSSA) but that acquired the vanA gene cluster during antibiotic therapy and became resistant to vancomycin (designated BR-VRSA). Both strains belong to the sequence type (ST) 8 community-associated genetic lineage that carries the staphylococcal chromosomal cassette mec (SCCmec) type IVa and the S. aureus protein A gene (spa) type t292 and are phylogenetically related to MRSA lineage USA300. A conjugative plasmid of 55,706 bp (pBRZ01) carrying the vanA cluster was identified and readily transferred to other staphylococci. The pBRZ01 plasmid harbors DNA sequences that are typical of the plasmid-associated replication genes rep24 or rep21 described in community-associated MRSA strains from Australia (pWBG745). The presence and dissemination of community-associated MRSA containing vanA could become a serious public health concern.
Since the description in 2002 of the vana gene cluster in mrsa as the mechanism of highlevel vancomycin resistance, 13 isolates have been reported in the United States, 1,2 with others reported in India 3 and Iran. 4 Enterococcus faecalis and E. faecium have been implicated as the donors of the vancomycin resistance genes. 5, 6 The VRSA isolates were recovered from patients with soft-tissue or skin infections, and multilocus sequence typing has shown that 12 U.S. VRSA isolates belong to clonal complex 5 (including ST5, ST85, ST231, and ST371) 1 and that the 13th isolate belongs to clonal complex 30. Clonal complex 5 is the most widely disseminated hospital-associated MRSA clonal complex in the United States, with patterns designated as USA100 and USA800 on pulsed-field gel electrophoresis (PFGE). 1 Community-associated MRSA emerged during the 1990s and rapidly disseminated across the United States, most often causing severe skin and soft-tissue infections but on occasion causing life-threatening infections such as necrotizing pneumonia. 7 Early variants of this community-associated MRSA were initially traced to PFGE pattern USA400, but these variants were rapidly replaced by isolates within the genetic lineage designated USA300-ST8 (clonal complex 8). A variant of USA300-ST8 emerged in South America in 2005 (designated USA300 Latin American Variant [USA300-LV]) 8 and has spread rapidly, replacing the previously predominant clonal complex 5 hospital-associated clone (known as the Chilean-Cordobes clone). 9, 10 Here we report on the acquisition of the vanA gene cluster by an invasive bloodstream isolate of community-associated MRSA lineage in a patient at a Brazilian hospital.
CASE REPORT
The patient was a 35-year-old man from São Paulo with mycosis fungoides, cocaine addiction, and diabetes mellitus. He was initially admitted to a psychiatric hospital in November 2011 for depression and suicidal ideation. Leg cellulitis developed and was treated with cephalexin and topical gentamicin. The patient was discharged with a prescription for clindamycin but was readmitted in June 2012 because of worsening psychiatric symptoms and recurrent infections of the skin and soft tissues. Vancomycin and cefepime were administered for 8 days; blood cultures obtained during this period were sterile. The patient remained in the hospital to receive chemotherapy with gemcitabine, vinorelbine, and dexamethasone for mycosis fungoides (skin cancer). In July 2012, while the patient remained in the hospital, fever recurred, and treatment with vancomycin and piperacillin-tazobactam was started. On July 16 and 24, blood cultures yielded MRSA isolates that were susceptible to vancomycin, linezolid, and clindamycin (see Table S1 in the Supplementary Appendix, available with the full text of this article at NEJM.org). Vancomycin was continued for 13 days (highest vancomycin trough level, 8.7 μg per milliliter), followed by treatment with teicoplanin for an additional 14 days.
A transthoracic echocardiogram showed no evidence of infective endocarditis. On August 15, the day after teicoplanin was discontinued, fever recurred. Blood cultures were positive for two MRSA isolates, one of which was resistant to both vancomycin (minimal inhibitory concentration, >32 μg per milliliter) and teicoplanin (minimal inhibitory concentration, 32 μg per milliliter); the isolate was also resistant to erythromycin, clindamycin, ciprofloxacin, gentamicin, and trimethoprim-sulfamethoxazole (Table S1 in the Supplementary Appendix).
Treatment with daptomycin was started, and the patient was placed in a single room, with a recommendation of contact isolation. A sample from a rectal swab obtained 2 weeks after the initial positive blood culture indicated colonization with vancomycin-resistant E. faecalis (VREF). The fever diminished, and daptomycin was continued for an additional 4 weeks. However, while the patient was receiving daptomycin, oral mucosal lesions developed and his respiratory status and fever worsened. Blood cultures yielded Stenotrophomonas maltophilia; treatment with levofloxacin was started and intravenous catheters were removed. Respiratory secretions yielded extended-spectrum, beta-lactamase-producing Klebsiella pneumoniae and carbapenem-resistant Acinetobacter baumannii. Polymixin B sulfate was added to the treatment regimen. Multisystem organ failure ensued, and blood cultures grew Candida albicans. Because of the patient's worsening status, care was withdrawn in November 2012. The patient died while receiving meropenem, linezolid, polymyxin B sulfate, and amphotericin B. (A summary of the patient's course is presented in Fig. 1.) 
METHODS BACTERIAL IDENTIFICATION, SUSCEPTIBILITY TESTING, AND MOLECULAR TYPING
S. aureus and VREF isolates recovered from the patient's blood samples and rectal swabs, respectively, were identified by means of a polymerase-chain-reaction (PCR) assay 11, 12 and 16S ribosomal RNA sequencing. 13 Susceptibility was determined with the use of agar dilution and broth microdilution. 14 To assess the genetic background of the isolates, PFGE was performed on two S. aureus isolates recovered from the patient's blood (BR-VSSA and BR-VRSA) (Fig. 1) ; on representative MRSA isolates circulating in South American hospitals, including the Latin American variant (USA300-LV) and Chilean-Cordobes clones; and on reference strains from the following pandemic clones: USA300 (NRS482), 9 the Brazilian clone (F338), the Iberian clone (NRS385-USA500), the Pediatric clone (NRS387-USA800), and the New York-Japan clone (NRS382-USA100). Typing of BR-VRSA was performed with the use of multilocus sequence typing, SCCmec, and spa. PCR assays were used to detect the genes encoding Panton-Valentine leukocidin (PVL) and the arginine catabolic mobile element, which are often found in MRSA USA300. 9 
PLASMID CHARACTERIZATION AND BACTERIAL MATINGS
We assessed the transferability of resistance to vancomycin by performing filter matings, 15 using BR-VRSA and the VREF isolate from the patient as donors and BR-VSSA, S. aureus RN4220, S. aureus COL, and E. faecalis OG1RF as recipients (Table S2 in the Supplementary Appendix). A donor-to-recipient ratio of 1:10 was used for mating experiments, as described previously. 15 Selection was performed on brain-heart infusion (BHI) agar supplemented with vancomycin and fusidic acid at concentrations of 32 μg per milliliter and 25 μg per milliliter, respectively. To determine whether vanA was present on a plasmid, S1 nuclease digestion of total DNA, coupled with PFGE and hybridization with a vanA probe, was performed. 16, 17 PCR assays targeting pSK41-like 6 and Inc18-like plasmids 6 and the rep plasmid families 18 were performed to classify plasmid replicons. The Biosafety Committee at the University of Texas-Houston approved these experiments.
WHOLE-GENOME SEQUENCING AND PHYLOGENETIC ANALYSIS
BR-VSSA, BR-VRSA, and VREF isolates were evaluated by means of whole-genome sequencing with the use of the Illumina platform. Annotation and assembly were performed as previously described 19 
RESULTS

A NOVEL TRANSFERABLE VAN A PLASMID IN BR-VRSA
Initial molecular characterization showed that BR-VRSA displayed a PFGE pattern that was indistinguishable from that of BR-VSSA ( Fig. 2A) , suggesting that BR-VRSA was selected in vivo during the administration of glycopeptides and other antimicrobial drugs. Moreover, S1 nuclease digestion and hybridization showed that BR-VRSA contained a plasmid of approximately 55 kb (not present in BR-VSSA) that carried vanA and aac(6′)-aph(2″), which encode enzymes that confer resistance to vancomycin and gentamicin, respectively (Fig. 2B) . Growth rates were similar for both organisms (Fig. S1 in the Supplementary Appendix), suggesting that acquisition of the vanA plasmid did not affect the in vitro fitness of the strain.
Filter-mating assays showed that the rate of transfer of vancomycin resistance from BR-VRSA (donor) to BR-VSSA (recipient) was 2.6×10 −4 transconjugants per donor (Table S2 in the Supplementary Appendix). Rates of transfer to other staphylococci (S. aureus RN4220-RF and COL) were 1.65×10 −4 and 6×10 −5 , respectively (Table S2 in the Supplementary Appendix). Experiments with S1 nuclease indicated that the plasmid containing vanA (designated pBRZ01; 55,706 bp) was the only large plasmid that was readily transferred to S. aureus during the mating experiment (Fig. 2B ). We were unable to transfer vancomycin resistance to a laboratory strain of E. faecalis (strain OG1RF), which suggests that the plasmid was not able to replicate in enterococci. The transfer of vancomycin resistance from VREF recovered from the patient's rectal swab was also unsuccessful.
Analysis of the sequence of pBRZ01 (Fig. 2C) indicated that a Tn1546-like element underwent important DNA rearrangements ( (Fig. S2 in the Supplementary Appendix) . The sequence of the vanA cluster (including 614 bp upstream and 222 bp downstream) harbored by the VREF infecting the patient was identical to the sequence in BR-VRSA and was also identical to the sequences from plasmids pWZ7140 and pWZ909, previously identified in E. faecalis. 20 These findings support the view that the vanA cluster has an enterococcal origin. Genomic analysis (confirmed by means of PCR assay) of VREF indicated that the repR gene (typical of Inc18 type plasmids previously associated with transfer of the vanA cluster into clonal complex 5 S. aureus) and the traA gene (required for plasmid transfer) 6 were absent, which supports the absence of transferability of the enterococcal plasmid and further indicating that VREF was not the direct donor of vanA genes to BR-VRSA.
Comparison of pBRZ01 with pWBG745 (38,204 bp), a plasmid identified in communityassociated MRSA isolates from remote areas of Australia (clonal complex 5), showed 99% identity across 21,164 nucleotides. 21 In addition, a sequence analysis indicated that the plasmid containing vanA is not related to the pSK41-like staphylococcal or Inc18-like enterococcal plasmids previously associated with vanA-carrying plasmids from VRSA isolates identified in the United States and belonging to clonal complex 5. 1, 6 Instead, the vanA plasmid harbors sequences that are typical of the recently designated rep24 family 18 or rep21 family 22 found in pWBG745. (Other genetic determinants conferring antibiotic resistance that are present in the BR-VRSA genome are shown in Table S3 in the Supplementary Appendix.)
ST8 COMMUNITY-ASSOCIATED GENETIC BACKGROUND IN BR-VRSA
PFGE indicated that BR-VRSA is genetically related to MRSA USA300 (Fig. 3A) , and multilocus sequence typing showed that BR-VRSA belongs to ST8 (as do USA300 and USA300-LV), harbors SCCmec type IVa, and is spa type t292. Unlike USA300 and USA300-LV, BR-VRSA lacked genes encoding PVL. Neither the arcA gene nor the entire arginine catabolic mobile element was present in BR-VRSA, as has also been noted for MRSA strains belonging to the USA300-LV lineage. BR-VRSA and BR-VSSA harbor an intact bsa operon (for bacteriocin production) that is characteristic of community-associated MRSA; VRSA strains from clonal complex 5 lack this operon. 1 Whole-genome, SNP-based phylogenetic analysis (performed with either the whole genome [ Fig. 3B ] or the core genome [ Fig. S3 in the Supplementary Appendix]) showed that there is a close relationship between BR-VSSA and BR-VRSA and between each of these variants and other ST8 genomes, including USA300 and USA300-LV. Genomic comparisons of BR-VSSA and BR-VRSA revealed only 288 SNPs (134 in the core genome) with a score indicating high quality (defined as a score of q>20) differentiating the two strains, whereas a comparison of each of these strains with the USA300 strain TCH1516 showed a difference of 1637 SNPs (965 core SNPs) for BR-VSSA and 1757 SNPs (1005 core SNPs) for BR-VRSA, suggesting that BR-VSSA is more similar to the progenitor of BR-VRSA. (The SNP score is a measure of the number of reads from a sequencing that agree with regard to a particular SNP.)
DISCUSSION
The acquisition of high-level vancomycin resistance by S. aureus has been deemed a major clinical and epidemiologic threat. However, since the first characterization of a strain of VRSA in the United States, 5, 23 only a few other isolates have been reported. All the VRSA isolates from the United States described to date have been isolated from infections of the skin and soft-tissue or from colonizers of the skin. This case documents a bloodstream infection caused by a VRSA strain in a patient with a serious skin condition that probably predisposed the patient to bacterial colonization. The patient was treated repeatedly with beta-lactams and glycopeptides, and our analyses suggest that the MRSA isolate had also acquired the vanA plasmid during therapy. The genetic characterization and genomic analyses also suggest that the vanA gene cluster present in BR-VRSA may have originated from an enterococcal donor. The DNA sequence of the vanA gene cluster (and partial flanking sequences) of BR-VRSA is identical to the sequence present in the genome of VREF that was recovered from a swab of the patient's rectum, suggesting that VREF may have been the donor. However, the presence of a different plasmid in this isolate and the absence of transferability of the vanA cluster from VREF to staphylococci or enterococci suggest that acquisition occurred through different intermediaries. Indeed, the Tn1546-like element in BR-VRSA was altered, indicating that potentially important genetic rearrangements of Tn1546 24 had occurred. The presence of the insertion sequences flanking the vanA gene cluster (Fig. S2 in the Supplementary Appendix) may also provide the truncated Tn1546-derived element with mobility.
The results of our genomic and phylogenetic analyses (with more SNP changes detected on the branches leading to BR-VRSA than on those leading to BR-VSSA) suggest that BR-VRSA is derived from BR-VSSA or a strain closely resembling BR-VSSA. However, since BR-VSSA did not contain pBRZ01, the origin of this plasmid is unknown. The two MRSA isolates recovered (but then discarded) from the patient's blood before the isolation of BR-VSSA and BR-VRSA (Fig. 1, and Table S1 in the Supplementary Appendix) were gentamicin-resistant and vancomycin-susceptible, and it is tempting to speculate that they may have been carriers of a version of pBRZ01 that did not contain the vanA gene cluster.
Apart from the type of infection, several factors that may have important public health implications distinguish this case from previously reported cases of VRSA infection. First, this case is an example of the acquisition of a vanA gene cluster that occurred independently of the hospital-associated MRSA clonal complex 5 lineage. The molecular and genomic data indicate that the genetic background of the VRSA strain is closely related to communityassociated MRSA strains disseminated in several parts of the world (USA300 ST8 harboring SCCmec type IVa). An ST8 community-associated variant of the MRSA USA300 clone (USA300-LV), which has been reported in the northern part of South America, 8, 9, 25 has almost replaced the common hospital-associated clone (ST5 Chilean-Cordobes clone). 9, 10, 25 However, the genetic background of BR-VRSA differs from that of USA300-LV and from that of the prototypical USA300 in that it lacks the genes encoding PVL, a genetic marker of community-associated MRSA strains. This difference suggests that BR-VRSA is a novel variant of ST8 community-associated MRSA, closely related to the USA300 genetic lineage and capable of producing severe, invasive bloodstream infections. This observation is supported by our finding that BR-VRSA, unlike previously reported VRSA strains, harbors an intact bsa operon, 1 a genetic marker of community-associated MRSA strains. 26 In addition, characterization and sequencing of pBRZ01 indicate that rep24 or rep21 family plasmids recently described in community-associated MRSA (belonging to clonal complex 5) 21 in Australia have been acquired by the MRSA ST8 genetic lineage and are capable of capturing the vanA cluster on a transferable plasmid. Finally, because USA300-like strains spread rapidly and replace other MRSA lineages with such efficiency, our findings raise the possibility that vancomycin resistance may be disseminated to MRSA clonal complex 8 isolates in both the hospital and the community.
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